I. INTRODUCTION
Electrical energy consumption increases more and more on a daily basis. Technological development is the reason for the use of electrical energy. Every year many more power stations, transmission lines and substations are constructed. This situation increases the fault current levels in power systems. A power system is not static but changes during operation (switching on or off of generators and transmission lines) and during planning (addition of generators and transmission lines).Thus fault studies need to be routinely performed by utility engineers [1] .
A Fault is defined as any failure which interferes with the normal current flow [2] . Various types of faults occur on power system are shown in fig. 1 Short circuit fault is a fault in which current flow bypasses the normal load and an Open circuit fault occurs if a circuit is interrupted by some failure. Fault analysis can be broadly grouped into symmetrical and unsymmetrical faults. A balanced three phase fault occurs when there is a simultaneous short circuit across all three phases. This type of fault is also called Symmetrical fault. If only some phases are affected, the resulting Unsymmetrical fault [1] [3] . Majority of fault occurring on power system are unsymmetrical faults, however, the circuit breaker rated MVA breaking capacity is based on three-phase symmetrical faults. The reason is that a three-phase fault produces the greatest fault current and Circuit Breaker must be capable of interrupting it [4] .
The causes of faults are numerous and they include lightning, insulation aging, heavy winds, trees falling across lines, vehicles colliding with poles, birds, kites, etc. The effects of faults on power system are: (i) Overheating and mechanical forces developed by faults may damage the electrical equipment such as busbars, generators and transformers.
(ii) The voltage profile of the system may be reduced to unacceptable limits as a result of fault. A frequency drop may lead to instability [5] . 
USE OF SIMULATION SOFTWARE
In this paper, short circuit fault analysis on power system is done by using MATLAB programming. MATLAB is a powerful software package used for high performance scientific numerical computation, data analysis and visualization. The single line diagram for standard IEEE 11 bus and IEEE 30 bus system is shown in Fig. 2 and Fig.3 .
NEED FOR FAULT ANALYSIS IN PLANNING AND OPERATION OF POWER SYSTEM
The system being planned is to be optimal with respect to construction cost, performance and operating efficiency. For this better planning tools are required. In general, the major power system tools are: load Flow Analysis, short circuit analysis or fault calculations, stability analysis etc. The purpose of an electrical power system is to generate and supply electrical energy to consumers with reliability and economy. The greatest threat to this purpose of a power system is the short circuit [3] . The evaluation of fault currents on a power system is significant because the protective devices to be installed on the system depend on the values of the fault currents. Information gained from fault analysis used to select the appropriate size and type of protective equipments to be installed on the system so that the continuity of supply is ensured even when there is a fault on the power system.
II.
Short Circuit Fault Analysis Problem Formulation
PRELIMINARY CALCULATIONS
In the fault studies, it is necessary to have the knowledge of pre-fault voltages and currents. These prefault conditions can be obtained from the results of load flow studies by the Newton Raphson method. Load flow analysis is a technique that provides basic calculation procedure in order to determine the characteristics of power system under steady state condition [8] . A solution of the power flow problem using Newton Raphson method is depicted in Fig. 4 . The Newton Raphson method is adopted for large networks due to its quadratic convergence characteristics, high accuracies obtained in a few iterations and no. of iterations independent of the size of the system [4] . 
CALCULATION OF SHORT CIRCUIT CURRENTS
If the insulation of system fails at any point or if two or more conductor that normally operates with a potential difference comes in contact with each other , a short circuit is said to be occur. Fault analysis calculate the fault currents magnitudes that are used to determine short circuit megavolt ampere(SCMVA) ratings of appropriate circuit breakers [9] [10] . For a symmetrical fault, the negative and zero sequences are absent. The positive sequence present and modified for fault analysis as shown in Fig The injected bus currents in terms of bus voltages for a n-bus network is calculated as; I bus = Y bus .V bus (1) Where I bus is the bus current vector entering the bus & Y bus is the bus admittance matrix For a fault at bus k, the current entering every bus except the faulted bus k is zero thus equation (1) becomes:
Equation (2) 
, where Z f is fault impedance & Where Z kk is k th k th element of bus impedance matrix and this equation put in above equation (7) Equation (7) 
For bolted or solid fault , Z f = 0 [12] For any bus i the bus voltage during fault is; V i (F) = V i (0) -Z ik . I k (F) , where Z ik is i th k th element of bus impedance matrix. From equation (8) ;
The short circuit current in the line connected between bus i and j is;
where zij is series impedance when line connected between buses i and j. 
SELECTION OF CIRCUIT BREAKERS
The circuit breaker has to perform the following major duties under short circuit conditions; 1) To open the contacts to clear the fault.
2) To close the contacts onto a fault.
3) To carry fault current for a short time while another circuit breaker is clearing the fault. In addition to the rated voltage, current and frequency, circuit breakers have the following important ratings: 1) Breaking capacity 2) Making capacity 3) Short time capacity The Breaking capacity of a circuit breaker is of two types i.e. Symmetrical Breaking capacity and Asymmetrical Breaking capacity. Symmetrical breaking capacity: It is the r.m.s value of the ac component of the fault current that the circuit breaker is capable of breaking under specified conditions of recovery voltage. Asymmetrical breaking capacity: It is the r.m.s value of the total current comprising of both ac and dc components of the fault current that the CB can break under specified conditions of recovery voltage. The breaking capacity of a CB is generally expressed in MVA. If voltage & current in p.u. values on a 3ph. Basis,then SCMVA(3 ph) = | Vprefault | * |Isc|*(MVA base) (11) Rated MVA interrupting capacity of a CB is to be more than or equal to the short circuit MVA required to be interrupted [4] . The rated asymmetrical breaking capacity is 1.6 times the rated symmetrical current. Making capacity: The rated making current is defined as the peak value of the current including dc component in the first cycle at which a CB can be closed onto a short circuit.
Making current = √2 * 1.8 * symmetrical breaking current The multiplication by is obtain the peak value and again by 1.8 to take the d.c. component into account. Short -time current rating : It is the r.m.s value of total current that the CB can carry safely for a specified short period.
Short time current rating=Breaking current / rated normal current[13].
A COMPUTATIONAL ALGORITHM FOR SHORT CIRCUIT STUDIES
Algorithm adopted for this type of analysis consists following steps; STEP 1: Obtain pre-fault voltages at all buses and currents in all lines through a load flow study. STEP 2: Find Bus impedance matrix by inverting the bus admittance matrix. STEP 3: Choose MVAbase, KVbase & calculate Ibase. STEP 4: Specify the faulty bus and obtain current at the faulty bus using equation (8) and bus voltages during fault at all buses using equation (9). STEP 5: Find current flows in each line of the system using equation (10) . STEP 6: Calculate SCMVA rating of circuit breaker(choose acc. to the fault current magnitude ) for each line & at each bus using equation (11) .
III. Results And Discussion

RESULTS FOR IEEE 11 BUS 17 TRANSMISSION LINE SYSTEM
Firstly, discuss the results for load flow for IEEE 11 bus system. The load flow analysis was carried out using the Newton-Raphson load flow method. This analysis determines the voltage magnitude, phase angle in degree, real power and reactive powers at each bus and current flows in the transmission lines. The result of the load flow is shown in Table 1 and Table 2 . It can be observed that the voltage magnitudes are within the tolerance ranges of ± 10%. After the pre-fault calculations, a three phase short circuit fault was simulated on the 11 bus system then calculated the total fault current at each bus, fault voltage magnitude at each bus, fault voltage phase angle at each bus, fault current flows in the lines, SCMVA ratings based on the fault currents on each bus and lines was also calculated then the corresponding Circuit Breakers ratings are choosed. Total fault current at each bus and SCMVA ratings for that fault currents on each bus is shown in Table 3 . The range of the circuit breakers at each bus determined for the 11 bus system is within 35MVA and 45MVA. Compare the pre-fault voltage magnitude in p.u. and fault voltage magnitude at each bus and it is observed that when a short circuit occurs, the voltage at faulted bus is reduced to zero and voltage magnitude on other buses are also effected, shown in Table 4 and also compare the pre-fault voltage angle in degree with the post-fault angle at each bus. It is seen that voltage angle at each bus increases when fault occur at different buses as shown in Table5. 
RESULTS FOR IEEE 30 BUS 41 TRANSMISSION LINE SYSTEM
The load flow analysis was carried out using the Newton-Raphson load flow method then after the prefault calculations, a three phase short circuit fault was simulated on bus no.1,2,3,4,13,15,16,28,30 of the IEEE 30 bus system then calculated the fault voltage magnitude at each bus, fault voltage angle at each bus, fault currents flows in the lines, total fault current at each bus, SCMVA ratings based on the fault currents on each bus and line then the corresponding Circuit Breakers ratings are choosed. Compare the pre-fault results with post-fault results and all these results are shown below. fig.8 . From Table 11&12 , it is to be noted that in the lines of IEEE 30bus 330KV system , circuit breaker ratings ranges between 10 MVA to 70 MVA. The operating personnel can use the relay settings according to the fault current magnitude & circuit breaker ratings. 
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IV. CONCLUSION
From above results, it is seen that during short circuit fault voltage magnitude at faulty buses reduced to zero and current flow in the lines increases. In IEEE 11 bus system, line no. 11 is most effected i.e. in line no.11 maximum fault current flows during fault at bus no.5 and in IEEE 30 bus system, line no. 16 is most effected when there is a fault occur at bus no.13. So according to the values of fault current flows in the lines, circuit breaker rating is choosen. It is concluded that in the lines of 11 bus system circuit breaker rating ranges within 20 MVA and 60MVA and in the lines of 30 bus system circuit breaker rating ranges within 10 MVA and 70 MVA. As could be observed from the results of this study, the regular calculation of the currents which flow in the power system when a three phase fault symmetrical fault occurs and the selection of appropriate circuit breaker are required for the proper operation of the power system. 
